In this study; the effect of the material model, axial load, longitudinal reinforcement ratio, transverse reinforcement ratio and transverse reinforcement spacing on the behavior of reinforced concrete cross-sections were investigated. Squared cross-section column models have been designed. The effect of axial load, transverse reinforcement diameter and transverse reinforcement spacing on the behavior of reinforced concrete column models have been analytically investigated. The behavior of the columns was evaluated from the moment-curvature relation by taking the nonlinear behavior of the materials into account. The moment-curvature relationships for different axial load level, transverse reinforcement diameter and transverse reinforcement spacing of the reinforced concrete column cross-sections were obtained considering Mander confined model. Moment-curvature relationships were obtained by SAP2000 Software which takes the nonlinear behavior of materials into consideration. The examined effects of the parameters on the column behavior were evaluated in terms of ductility and the strength of the cross-section. In the designed cross-sections, the effect of transverse reinforcement diameter and transverse reinforcement variation on the confined concrete strength and the moment-curvature relationship was calculated and compared for constant longitudinal reinforcement ratio. The examined behavioral effects of the parameters were evaluated by comparing the curvature ductility and the cross-section strength. It has been found that transverse reinforcement diameters and transverse reinforcement spacing are effective parameters on the ductility capacities of the column sections. Axial load is a very important parameter affecting the ductility of the section. It has been observed that the cross-sectional ductility of the column sections increases with the decrease in axial load.
INTRODUCTION
Understanding the nonlinear response and damage characteristics of reinforced concrete buildings subjected to significant earthquakes is essential for assessment of seismic performance of existing buildings, as well as safe and economic design of new buildings (Ucar et al., 2015) . In the reinforced concrete structures, that is known reinforced concrete columns are one of the most crucial elements under earthquake loads. Column mechanisms are very critical to prevent total collapse in earthquakes. The objective performance levels of reinforced concrete structures could not be ensured due to the failure of some critical reinforced concrete columns. Because of this, determining the behavior of the structures should be known well to design earthquake-resisting structures. In the reinforced concrete structures, the structural behavior can be changed according to the behavior of the reinforced concrete members. Moment-curvature relationship is one of the best solutions to evaluate and represent the behavior of reinforced concrete cross sections (Dok et al., 2017) .
The moment-curvature relationships of critical crosssections of reinforced concrete members are essential for non-linear analysis of reinforced concrete structures. Realistic moment-curvature relationships can only be obtained if realistic material constitutive models are utilized for confined and unconfined concrete, and reinforcing steel during the cross-sectional momentcurvature analysis (Bedirhanoglu and Ilki, 2004) . The behavior of reinforced concrete elements are determined by the cross-sectional behavior of elements. Crosssectional behavior depends on the material used, the geometry of the cross-section and the loading on that particular cross-section. The behavior of a reinforced concrete cross-section under bending moment or bending moment plus axial force can be monitored from momentcurvature relationship (Ersoy and Özcebe, 2012) . Moment-curvature relationship and stress-strain curves of steel and concrete are calculated by selecting Mander model (Mander et. al., 1988) and using the equilibrium equations and conformity equations to be written. Generally, the ductility is defined as the capacity of a material, section, structural element, or structure to undergo an excessive plastic deformation without a great loss in its load-carrying capacity (Arslan and Cihanli, 2010) .
Ductility of reinforced structures is a desirable property where resistance to brittle failure during flexure is required to ensure structural integrity. Ductile behavior in a structure can be achieved through the use of plastic hinges positioned at appropriate locations throughout the structural frame. These are designed to provide sufficient ductility to resist structural collapse after the yield strength of the material has been achieved. The available ductility of plastic hinges in reinforced concrete is determined based on the shape of the moment-curvature relations (Olivia and Mandal, 2005) . Ductility may be defined as the ability to undergo deformations without a substantial reduction in the flexural capacity of the member (Park and Ruitong, 1988) . According to Xie et al, (1994) , this deformability is influenced by some factors such as the tensile reinforcement ratio, the amount of longitudinal compressive reinforcement, the amount of lateral tie and the strength of concrete. The ductility of reinforced concrete section could be expressed in the form of the curvature ductility (μ ∅ ):
where ∅ ; is the curvature at ultimate when the concrete compression strain reaches a specified limiting value, ∅ ; is the curvature when the tension reinforcement first reaches the yield strength. Theoretical moment-curvature analysis for reinforced concrete structural elements indicating the available flexural strength and ductility can be constructed providing that the stress-strain relations for both concrete and steel are known. Moment-curvature relationship can be obtained from curvature and the bending moment of the section for a given load increased to failure (Olivia and Mandal, 2005) .
In order to be able to understand the behavior of reinforced concrete members, cross sectional behavior should be known. Cross sectional behavior can be best evaluated by moment-curvature relationship. On a reinforced concrete cross section moment-curvature relationship can be determined by some complicated iteration methods. Making these iterations manually is very difficult and not practical. Some spread sheet programs can be used for this purpose (Çağlar et al., 2013) . Usually it is desirable to design a reinforced concrete member with sufficient curvature ductility capacity to avoid brittle failure in flexure and to insure a ductile behavior, especially under seismic conditions. Firstly, information about stress-strain relationships, confined concrete and unconfined concrete models, moment-curvature relationship is given for a better understanding of non-linear behavior (Foroughi and Yüksel, 2018) .
In this study, squared reinforced concrete column cross section models with equal cross-sectional area were designed and the effect of the longitudinal reinforcement ratio, axial force level and transverse reinforcement ratio on the behavior of these models were investigated. The behavior of the column models was investigated through the relation of moment-curvature. In last decades various stress-strain relationships for unconfined and confined concrete were proposed by different researchers. A concrete model proposed by Mander et al. (1988) which is widely used, universally accepted and mandated in Turkish Seismic Code (TSC, 2018) has been used to determine the moment-curvature relationships of reinforced concrete members based on the SAP2000 Software (CSI, Ver. 20.1.0). Moment-curvature relations were obtained and presented in graphical form using SAP2000 Software which takes nonlinear behavior of materials into consideration. The examined behavioral effects of the parameters were evaluated by the curvature ductility and the cross-section strength. The stress-strain curves and moment-curvature curves were drawn in various models and were interpreted by comparing the curves.
MATERIAL AND METHOD
In order to investigate the effect of longitudinal reinforcement ratio and transverse reinforcement ratio, column models with dimensions of 400mm×400mm were designed. A total of 14 models were designed for different transverse reinforcement diameters, transverse reinforcement spacing and different axial loads of each model. The parameters investigated in the stress-strain relationships, confined concrete models, momentcurvature relations and ductility of the reinforced concrete column models are the transverse reinforcement diameter, transverse reinforcement spacing and axial load levels. The designed reinforced concrete cross section models are considered to be composed of three components; cover concrete, confined concrete and reinforcement steel. Material models are defined considering the Mander unconfined concrete model, for cover concrete, and the Mander confined concrete model for core concrete. For all column models, C30 was chosen as concrete grade and S420 was selected as reinforcement for the reinforcement behavior model, the stress-strain curves given in TSC (2018) were used (Table 1) . The details of the cross-sections with different transverse reinforcement diameters and transverse reinforcement spacing for different cross-sections are given in Table 2 . As shown in Table 2 , for the parametric study; transverse reinforcement spacing were taken as 50mm, 75mm, 100mm, 125mm, 150mm, 175mm and 200mm. Diameters of the transverse reinforcement diameters were taken as 8mm and 10mm. 
The combined effect of vertical loads and seismic loads, gross section area of column shall satisfy the condition ≥ /0.40 , (TSC, 2018). To investigate the effect of axial force on the cross-section behavior, the models were investigated under five different axial forces; 1 = 0, 2 =480kN, 3 =960kN, 4 =1440kN and 5 =1920kN. Moment-curvature relationships for the designed column cross-sections are presented from the analytical results of different axial load, transverse reinforcement diameter and transverse reinforcement spacing. By using the Mander model, with the consideration of the lateral confining stress, the - relationships of the reinforced concrete columns are obtained by using the SAP2000 Software. The reinforcement diameters and reinforcement ratio used in the cross-sections were determined by considering the limitations given TS500 (2000) and TSC (2018) . In all the models the longitudinal column reinforcement was 822. The monotonic envelope curve introduced by Mander et al. (1988) was adopted in this study for its computational efficiency. The following equation is used to calculate the unconfined concrete strength ( ′ ). The effectively confined area of concrete at hoop level is found by subtracting the area of the parabolas containing the ineffectively confined concrete. Thus the total plan area of ineffectually confined core concrete at the level of the hoops when there are n longitudinal bars is;
Incorporating the influence of the ineffective areas in the elevation, the area of effectively confined concrete core at midway between the levels of transverse hoop reinforcement is:
Where ; concrete core dimension to center line of perimeter hoop in x-direction, ; concrete core dimension to center line of perimeter hoop in y direction, ′ ; clear vertical spacing between hoops. Therefore, the confinement effectiveness coefficient ( ) , which represents the ratio of the smallest effectively confined concrete area ( ) to the net confined concrete core area ( ), could be given by the following Equations.
is ratio of area of longitudinal reinforcement to area of concrete core.
Turkish Journal of Engineering (TUJE) Vol. 4, Issue 1, pp. 36-46, January 2020 It is possible for rectangular reinforced concrete members to have different quantities of transverse confining steel in the x and y directions. These may be expressed as,
The lateral confining stress on the concrete (total transverse bar force divided by vertical area of confined concrete) are given in the x and y direction as,
Effective lateral confining stresses in the x and y directions are,
To determine the confined concrete compressive strength ′ , a constitutive model involving a specified maximum strength surface for multiaxial compressive stresses is used in this model. ′ is the effective lateral confining stress.
The longitudinal concrete stress ( ) is given by the following relation as the function of the longitudinal concrete strain ( ). In the following equations, and represent the concrete strength and the corresponding strain value, respectively.
Where : longitudinal compressive concrete strain. The calculation of ′ is not sufficient to obtain stressstrain curve of confined concrete. Therefore, the corresponding strain at maximum concrete stress ( ) has to be calculated too. In addition, the maximum unit strain value ' ' in the concrete must be calculated at the first hoop fracture occurring in transverse reinforcement.
Where ′ and ; the unconfined concrete strength and corresponding strain, respectively (generally = 0.002 can be assumed), and = − (10)
: modulus of elasticity of concrete : secant modulus of confined concrete at peak stress Maximum concrete compressive strain (fracture strain ) is defined as the fracturing of the confining reinforcement. Maximum concrete compressive strain for confined concrete is given (Paulay and Priestley, 1992) 
: ratio of volume to transverse confining steel to volume of confined concrete core : Strain in reinforcing steel at maximum strength : yield strength of transverse reinforcement Fig. 1 . Effectively confined core for square hoop reinforcement (Mander et al., 1988) 
NUMERICAL STUDY
The computed results for the models are summarized in the following Tables. When the calculated values of the designed models were examined, the following results were obtained. The values given in the tables are prepared according to the different confining reinforcement diameters and spacing for the column models. Effective lateral confining stress in x and y direction and compressive strength of confined concrete and and values are given in Table 3 . The obtained - relationship of the longitudinal concrete stress ( ) as the function of the longitudinal concrete strain ( ) is summarized in Fig. 2 . The - curve shown in Fig. 1 for different transverse reinforcement spacing has been prepared according to 8mm ( Fig. 2a ) and 10 mm (Fig. 2b ) transverse reinforcement diameter. The moment-curvature relationships obtained from the analytical results are presented in graphical form. Fig.  3 shows the moment-curvature comparisons for different transverse reinforcement spacing and different axial loads in the designed cross sections. In Fig. 3 , momentcurvature relationships are given for different transverse reinforcement spacings according to the transverse reinforcement diameters of 8mm and 10mm respectively. In the column models designed from the analytical results, while the axial load is fixed in Fig. 4 , the momentcurvature relationships are compared with respect to the diameter and spacing of different transverse reinforcements. Table 4 and Table 5 ). Fig. 6 . Influence of axial loads on the ductility (transverse reinforcement 10).
In this part of the study, the moment-curvature diagrams are obtained from the SAP2000 Software by changing the transverse reinforcement diameter, transverse reinforcement spacing and axial load level. When the analysis results are examined, it is observed that the variation of the axial load and transverse reinforcement have important effect on the momentcurvature behavior of the reinforced concrete crosssections. As a result, axial load is a very important parameter affecting the ductility of the section. As it shall be seen from moment-curvature relations, ductility decreases with the increase of axial load ( / ≥ 0) ratio where the transverse reinforcement is constant. However, when the axial load is small in the same crosssections (transverse reinforcement is constant), the ductility in the cross-section is high. As it can be seen from the moment-curvature graphs, it is observed that the cross-section ductility decreases when the transverse reinforcement spacing is increased under a constant axial load. It is observed that the cross-section ductility and the curvature increase significantly with the reduction of the transverse reinforcement spacing. It is observed that the ratio of transverse reinforcement is effective on crosssection behavior of reinforced concrete cross section. The increase in transverse reinforcement diameter increases the ductility of the cross section and the maximum moment bearing capacity.
CONCLUSION
The following results were obtained from the stressstrain and moment-curvature analyses of the square columns:
The stress-strain relationship graphs of confined compressive strength and corresponding axial strain, of the core regions of the reinforced concrete columns are investigated based on the numerical study. The following results were obtained from the comparison of the columns with different characteristics of the examined factor in the study. The models were examined according to the conditions given in the TSC, (2018). Concrete stressstrain graphs were obtained by using Mander confined concrete models. Although the longitudinal reinforcement diameters and reinforcement yield strengths used in the models are constant, the effect of the use of different transverse reinforcement diameters and transverse reinforcement spacing on the lateral effective strength was investigated.
• It has been found that for all models, transverse reinforcement diameters and transverse reinforcement spacing are effective on the lateral load bearing capacity.
• The transverse reinforcement spacing densification has a greater effect on the ductility and the bearing capacity (moment capacity) of a cross section.
• The increase of the transverse reinforcement ratio increases the ductility and the maximum bearing capacity of a cross section.
• The moment-curvature relationship is determined according to the cross-sectional analysis of reinforced concrete columns by using SAP2000. The moment-curvature relationships are compared according to transverse reinforcement diameters, transverse reinforcing spacing and the axial load levels of reinforced concrete columns.
• The result is that the axial load is a very important parameter affecting the ductility of the crosssection. The relationship between axial load and ductile behavior is generally inversely proportional ( Figs. 3 and  4 ).
• The increase in the axial load level causes the curvature values to decrease (brittle behavior), although it usually increases the moment capacity of the cross section.
• It has been observed that the cross-sectional ductility increases with the decrease in axial load.
• In cases where the axial load is small, reinforced concrete sections have a ductile behavior.
• As the diameter of the transverse reinforcement increases, the moment capacity of the cross section increases as expected.
• Significant reductions in ductility capacities under increasing axial force have been observed.
• The effect of axial load on cross-sectional behavior appears to be more explicit in cross sections where the transverse reinforcement spacing is minimum.
• If the analysis results are compared, yielding and ultimate moment capacities of the sections increase when decrease of the transverse reinforcement spacing.
• Moreover, the more ductile behavior for reinforced concrete cross sections is observed due to increment of curvature ductility on reinforced concrete square columns with the increase of transverse reinforcing ratio.
• Additionally, according to the analysis results, the increment of transverse reinforcement ratio affects the yielding and ultimate moment capacities of the members for each type of concrete material.
• In order to see the actual behavior of the column sections, the transverse reinforcement ratio, transverse reinforcement spacing, and axial load ratio should be taken into consideration in the analyses.
